






Vitreous haemorrhage when not associated with retinal
detachment usually resolves spontaneously. In the event of
severe complications such as retinal detachment and vitreous
haemorrhage, surgical intervention may be required. Regillo et
al56 evaluated surgical management of six eyes from four
patients with XLRS1 using scleral buckling for retinal detach-
ment and vitrectomy for vitreous haemorrhage or proliferative
vitretinopathy. Anatomical success and ambulatory vision was
achieved in five of the six eyes with a mean follow-up of
3.8 years. However, two of the four eyes treated by primary
scleral buckling eventually required vitrectomy. Recent reports
of using perfluorocarbon liquid or perfluorodecalin during
vitrectomy to repair retinoschisis-associated retinal detach-
ments has shown promising results.57 58

Families often benefit from genetic counselling to explain the
X-linked inheritance pattern and recurrence risks in future
offsprings. If a genetic diagnosis has been made with the
identification of the causative mutation, then women who are
at risk of carrying the mutation can be offered genetic testing. It
is particularly important to explain the extreme variation in
severity even within families since, for example, affected
brothers might have very different disease.23

DIFFERENTIAL DIAGNOSIS
The identification of foveal schisis in a male, associated with
a reduced b-wave on ERG and a family history consistent with

X-linked inheritance, makes the diagnosis very likely. This can
be confirmed by molecular genetic studies. X-linked inheritance
and electronegative dark-adapted ERG, as previously stated, is
not confined to XLRS. The chief differentials are X linked CSNB
type 1 (MIM #310500) and type 2 (MIM #300071).
Ophthalmoscopically visible fundus changes may not be visible
in either XLRS or XLCSNB and both may present with
nystagmus, although it is more common in CSNB. A clear
history of nyctalopia would direct one to the correct diagnosis.
Furthermore, myopia is typical of XLCSNB in contrast with the
hypermetropia which is frequent in XLRS.

Flat b-waves on ERG testing are also associated with a variety
of postphototransduction disorders of the inner retina repre-
senting between 2.9% and 4.8% of all ERGs recorded in tertiary
referral centres.59 60 The ERG findings should be taken in the
context of other clinical features to support the diagnosis.

Cystic changes in the macula may be due to a variety of
causes. Most frequent of these is macular oedema, which is
often owing to conditions such as retinal vein occlusion,
diabetic retinopathy, uveitis, retinitis pigmentosa and even
dominantly inherited cystoid macular oedema,61 although the
associated clinical features and leakage on fluorescein angio-
graphy accompanying these disorders rarely lead to diagnostic
confusion. There are also descriptions of possible autosomal
recessive foveal schisis.62 63 The second of these descriptions
describes female patients with foveal schisis but no additional

OD
Foveal thickness

Total macular volume

Total macular volume

1.0 mm

278

341

394 268350301 377

373

338

mm mm

238

316

421 242336249 362

334

237

3.00 mm

3.00 mm

Foveal thickness

384±  5 mm

425±5 mm

8.87 mm3

7.54 mm3
OS

Figure 3 Optical coherence tomography images of the macular region from the same patient as fig 1. Top and bottom left showing schisis through multiple inner
layers of the retina in right and left eyes, respectively. Macular thickness maps showing central macular thickening diffuse in right and more focal in the left eye.
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retinal abnormalities and normal electrodiagnostic testing. The
foveal findings looked somewhat different from those in
XLRS.63 A more recently recognised syndrome of macular
retinoschisis in highly myopic eyes with posterior staphyloma
has been characterised by OCT, demonstrating splitting of the
inner and outer retinal layers within the macular region.64 OCT
performed for optic nerve pit maculopathy demonstrates foveal
retinoschisis that may be secondary to posterior vitreous
traction.65 In this condition a small pit is visible at the temporal
edge of the optic disc.

Degenerative retinoschisis tends to involve the peripheral
retina with splitting of the outer retinal layers. The condition
tends to be unilateral, occurring in an older age group and is
not associated with ERG abnormalities or RS1 mutations.66

Other conditions which should be differentiated from XLRS1
include the rare autosomal recessive condition, Goldmann–
Favre syndrome, caused by mutations in the gene NR2E3,67

which can lead to foveal schisis, but the associated nyctalopia
and pigmentary clumping should help to differentiate this from
XLRS. In addition, the ERG is usually extinguished. Niacin,
occasionally prescribed for familial hyperlipidaemia, has been
shown to cause a reversible cystic maculopathy.68 As in XLRS,
these cysts fail to show leakage on flourescein angiography, but
are demonstrated on OCT affecting both the outer plexiform
and inner nuclear layers.69 70 An unusual autosomal dominant
retinoschisis with both macular and peripheral involvement has
been reported in which male-to-male transmission was
documented. The ERG responses in six out of eight failed to
demonstrate any abnormality.1

PATHOLOGY
Few affected eyes have been available for study, although
investigation of retinoschisis mouse models has greatly assisted
these investigations14–16. Condon et al71 examined one surgically
enucleated and two postmortem eyes from two related men
with XLRS and this was followed up with investigation of the
globes from three further patients (two of whom were
related).72 These studies delineated the pathology in the inner
retina describing the characteristic abnormality: a split (or
schisis) within the superficial retinal layers, the inner limiting
membrane, the nerve fibre layer and the ganglion cell layer, the
inner leaflet of the schisis consisting of inner limiting
membrane, fragments of Müller cells (glial cells) and blood
vessels. The ganglion cell layer is thinned with marked
degeneration of the overlying photoreceptors associated with
thinning of the inner nuclear layer.72 The schisis cavity, the
inner and outer schisis layers, and the surrounding retina are
described as containing an amorphous eosinophilic PAS-
positive material that is filamentous and thought to originate
from Müller cells.72

MOLECULAR GENETICS
The RS1 gene (OMIM# 312700), which maps to Xp22, was
identified late in 1997 after an extensive positional cloning
effort by a number of groups8 and has six exons with a cDNA of
3.1 kb. RS1 is expressed exclusively in the retina8 by photo-
receptors and bipolar cells10 73 and encodes retinoschisin, a 224
amino acid secretory protein of 24 kDa, which is detected
throughout all layers in the neural retina despite the restricted
pattern of gene expression.10 73 74

Retinoschisin has a signal peptide allowing transport into the
endoplasmic reticulum for trafficking through the secretory
pathway and a single discoidin domain which contains 10
cysteine residues.8 10 Discoidin domains (also known as the F5/8
type C domains) are found in a family of extracellular cell
surface proteins and are involved in cell adhesion and
signalling.75 The discoidin domain receptors, for example,

which are transmembrane tyrosine kinase receptors, interact
through their discoidin domains with collagens and regulate cell
adhesion and extracellular matrix remodelling.75 Other proteins
containing a discoidin domain include blood coagulation factors
5 and 8, milk fat globule protein, neuropilins 1 and 2 and
neurexin IV.76 The cysteine residues within the retinoschisis
discoidin domain are critical for folding and the formation of
functional retinoschisin dimers and ultimately octamers.11

Disulphide bonds between two pairs of cysteine residues
(Cys63-Cys219 and Cys110-Cys142) stablilise the folded mono-
meric retinoschisin subunits and additional disulphide bonded
pairs of cysteines link the subunits into dimers (Cys40-Cys40)
and octamers (Cys59-Cys223).11 Disruption of these bonds
interferes with dimer and octamer formation.11

Retinoschisin is believd to function in cell adhesion in the
development and maintenance of retinal architecture. This is in
keeping with other proteins containing discoidin domains and
is supported by the observations in patients and in the mouse
models. A wave of expression begins during retinal develop-
ment immediately after neuronal birth and terminal differ-
entiation as neuronal cell type is born77 and is then maintained
in adult life.

The molecular interactions of retinoschisin and its molecular
role in maintenance of retinal integrity have yet to be fully
elucidated. Recent data suggest retinoschisin might interact
with b2 laminin within the extracellular space and with aB
crystallin intracellularly.78 Laminins are large heterotrimeric
extracellular glycoproteins thought to play a role in the
development and stablility of synapses.79 80 Deletion of the b2
chain leads to a reduction in the amplitude of the b-wave in
mice reminiscent of XLRS81 supporting a possible molecular
interaction between retinoschisin and b2 laminin. aB crystallin
is an intracellular molecule which functions as a chaperone82

and may interact with retinoschisin as it moves through the
secretory pathway. The physiological role of these potential
molecular interactions and the implications for XLRS require
further investigation.

MOLECULAR PATHOLOGY
Numerous RS1 mutations associated with XLRS have now been
described9 22 25 (http://www.dmd.nl/rs/index.html). The muta-
tions are predominantly missense and are clustered in exons 4–
6, which encode the discoidin domain, although deletions,
insertions and splice site mutations have been described.
Studies of mutant retinoschisin indicate missense mutations
lead to disease pathology by at least one of the following three
mechanisms:12 13 interfering with retinoschisis secretion, allow-
ing secretion but interfering with retinoschisin octamerisation
or allowing secretion and octamerisation but interfere with
protein function. The position of these mutations within the
protein has helped predictions of these mechanisms.13 83 There
is no correlation between the molecular mechanism of disease
and its severity,23 which suggests there may be other factors
influencing disease severity such as genetic modifiers or
environmental influences.84

ANIMAL MODELS
To date, three mouse models exist for XLRS. In 2002, Weber et
al14 replaced exon 3 of the murine homologue of human XLRS1
(retinoschisis-1 homologue, XLRS1h) in-frame with a LacZ/Neor

cassette to create null mouse model (XLRS1h2/Y) with no
protein expression. Similarly in 2004, Zeng et al15 replaced exon
1 and 1.6 kb of intron 1 of XLRS1h with a Neor cassette to
produce a second null-allele mouse model. More recently, the
Tennessee Mouse Genome Consortium produced a mouse
pedigree (44TNJ) with a retinal phenotype using an ENU-
based mutagenesis screen.16 Subsequent mutation analysis of
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this pedigree revealed a TRC substitution within intron 2 of
XLRS1h which created an alternative splice site leading to three
transcripts in the affected male mouse: wild type, 10bp
insertion after exon 1, 26bp deletion (exon 2). Virtual protein
translation showed that both alternative transcripts would
form premature stop codons in XLRS1h, although further
investigation is required to determine if these truncated
XLRS1h peptides are expressed in the 44TNJ mouse.16

All three XLRS1h knockout models displayed morphological
and functional retinal phenotypes similar to human XLRS.
Fundus examination revealed the presence of small cyst-like
structures in the inner retina of the XLRS1h2/Y mouse14 and
intraretinal flecks in 44TNJ mouse.16 Similarly, ERG analysis of
all three mouse models showed a characteristic reduced dark-
adapted b-wave. Histologically, the mice displayed disorganisa-
tion of retinal layers due to mislocalisation of cells within the
inner plexiform, inner nuclear and outer plexiform layers; focal
areas of retinal splitting or ‘‘schisis’’ were also evident within
the inner nuclear layer and structural abnormalities of synapses
occur within the outer plexiform layer.14–16

GENE REPLACEMENT
The developmental and subsequent continued expression of
RS177 and the pathology described in the mouse retina indicate
that retinoschisin has an important role in both retinal
development and maintenance. This suggests that XLRS is, at
least initially, a developmental abnormality of retina and that
gene replacement might therefore be a therapeutic possibility.
This has been used with some success on both knock-out
mouse XLRS models.15 85 In each case, the RS1 gene was
delivered to the affected male mice using an adeno-associated
viral vector and intraocular injection. Subsequent investigation
of the retina in these animals indicated successful expression of
retinoschisin in all retinal layers.15 85 The ERG recording was
taken as a measure of retinal function and in each of these
models replacement of the RS1 gene led to restoration of the
b-wave amplitude.15 85 Min et al85also describe an improvement
in the rod-mediated a-wave. These effects were maintained
until at least 5 months after the injection. This group also
reported an improvement in the morphology of the inner
retina and photoreceptors after injection.85 But there was no
similar improvement documented in the study by Zenn et al,15

perhaps reflecting a difference in the viral vector and promoter
used which may have resulted in increased levels of protein in
the Min et al’s study. These results indicate sustained restora-
tion of some retinal function and morphology and suggest that
gene replacement might be a possible future treatment for
patients.

However, these results should be treated with some caution.
The modelling of retinoschisis in the mouse is limited as mice
do not have a fovea and many patients have the disease
restricted to the fovea or with only mild peripheral changes. The
benefits of gene therapy for these patients may be limited and,
in addition, the developmental anomalies of the retina are
unlikely to be corrected by gene therapy in childhood or adult
life. Futhermore the mouse models are both null mutants
expressing no retinoschisin which is a different scenario to that
in most patients who have missense mutations,9 22 25 many of
which lead to intracellular retention of mutant retinoschisin.
Therefore, there is a risk that gene therapy might not be
effective in these patients as the presence of mutant retinoschi-
sin might have a dominant negative effect on the wild-type
molecule, interfering with its function either by causing
sequestration of the wild-type protein within the cell or by
the formation of octamers of wild-type and mutant protein.
Expressing two alleles in one cell will be a novel situation
because although women carriers have both mutant and

wild-type alleles, X-inactivation will silence one of these alleles
in each cell. This needs further investigation.

SUMMARY
In summary, XRLS is an important cause of male visual loss in
childhood and should be considered as a possible diagnosis in
boys with reduced visual acuity and men with macular
changes. Recent advances in methods of investigation, includ-
ing OCT and genetic testing, complement the results of clinical
examination and ERG, which is beneficial particularly given its
clinical variability. To date there has been no treatment for the
retinal degeneration of XLRS although the complications can be
treated as they occur. The recent descriptions of gene
replacement restoring some retinal function in two knockout
XLRS mouse models gives hope that gene therapy may be an
option for treatment in the future.
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